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Obtainment  of  Oltrahigh  Vacuum  with  the  Aid  of  Chromium* 

Dlsperaad  by  Electron  Bombardment 

G.S.Mtkhaylorj  G*M*Areanyakova|  0*M*Akimorvieb 
It  was  shown  by |lj  that  metallic  chromium  dispersed  by  electron  botnberdmest  in 
high  vacuum  (p  r,  10“*  -  5*10"®  mn  Hg)  has  an  intensive  re  eating  (pumping)  effect* 
close  to  the  tb eating  effect  of  titanium*  and  that  the  presence  of  the  latter  is  con¬ 
nected  with  •  self- purification  ■  effeot  of  chromium  at  the  time  of  dispersion*  which 
ia  due  to  the  high  oocide  resistance  of  chroadum  (Q^0^)  prior  to  electron  bombardment 
and  high  temperature.  As  result  oa  such  •self-purification  *  it  becomes  possible  to 

^Vjporixe  J 

|  pjrc  chromium  fran  samples*  contaminated  by  *  oxygen  in  combination  with 


CTgCLj  remains  on  the  surface  of  chromium;  e vaporized  'pure  chroma  and  proper  vacating 
effect* 

It  waa  considered  interesting  to  continue  the  investigation  of  the  vacating  af- 

•8 

fact  with  respect  to  ultrahigh  vacuum  (  p  <5*10  m  Hg}*  Certain  far  reaching  pre- 
conelu^pi/ 

j~  on  the  vacating  affect  of  Cr  in  this  vacuum  zone*  going  beyond  the  pre¬ 

viously  described  by  us  attaapts*  had  to  be  made  because*  first  of  all*  it  was  not 
known  whether  we  will  reach  a  chromium  oxide  dl association  elasticity  (always  present 
on  dispersed  chrcmlum  species  'l^)  at  sufficiently  high  dispersion  temperatures 
(1700-1750°)  and  in  conditions  of  intensive  electron  bombardment  values*  which  11a 
hare  in  the  range  of  pressures  10*®  -  10“*®  nm  Hg  at  which  wa  have  decided  to 
conduct  the  experiments* 


_____________  the  volume, 

•  According  to  chemical  analysis  data*  , - - tit  oxygen  in  the  Ck  used  by  us  was 


1.10“3  weight  percentages* 
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With  this  purpose  in  mind  we  conducted  investigations  with  the  use  of  experimental 
tubes  analogous  to  the  ones  described  injl J  * unsoldered  oar  jointed  with  the  oil  frs*-» 
tionation  pump  >fV40  through  a  connecting  piece  which  differed  fr cm  the  previously 
used  only  by  the  fact*  that  they  were  lacking  the  device  for  oxygen  filling*  and  in 
addition*  the  sensing  element  of  the  ionization  manometer  was  an  Alpert  type  tube*  Total 
volume  of  each  experimental  tube  was  more  than  3  liters* 

The  experimental  tubes  in  all  instances  were  heated  fear  e  period  of  3  hrs  prior 
to  unsoldering  o»  measuring*  when  vacating  with  purjp  Md-40  to  1 CT^  ma  Bg*after 

which  a  rigid  adjustment  was  made  of  all  metal  components  by  passing  a  stream  or  by  eleo- 
tron  bcmbardmnt*  The  dispersion  of  Cr  fear  the  purpose  of  measuring  its  vacating  sf 
feet  was  done  by  electron  banbardumts  at  Va  3^0  ▼  and  Ia~  100  mat  the  walls 
of  tube  balloons  were  cooled  by  means  of  a  fan*  Killing  of  oil  vapors  after  removal 


fflSA 

It  was  found*  that  in  tubes*  jointed  with  pump  **fr*40  by  a  connecting  piece*  during 
the  dispersion  of  chromium  ny  electron  bombardments*  can  easily  be  obtained  a  vacuum 
of  --V 2-3*  10-9  qq  whilecn  the  part  of  the  oil  pump  it  amounts  to  2*10®^  ™  Hg* 
Ibis  indicates  a  sufficiently  high  rats  of  vacating*  which  is  developed  by  Or  at  the 
time  of  dispersion,  Evaluation  of  the  rate  of  air  va eating  (lumping)  by  chromium* 
made  by  the  method  of  *  two- pres  sure  gages*  [2^(  instead  of  a  connecting  piece  in  this 
case  was  soldered  in  a  narrow  pipe  line*  with  an  opening  diameter  d  *  4*5  ™ 
length  1  a  25  m),  gives  a  valua  of  wS'lO2  lit era/see  at  a  vacuum  of  2*1<T*  on  Hg. 


2 


In  just  now  unsoldered  experimental  tubes,  in  which  directly  prior  to  unsoldering 
from  pump,  chromium  was  dispersed*  the  pressure  of  tbe  remaining  gpaes  was  2-3*10*9 
cm  Hg*  By  additional  dispersion  of  Cr  by  electron  bombardments  already  in  the  unsol* 
dared  tube  it  was  possible  to  drop  it  within  80-100  min  tor-J>*10~*®  ma  Hg*  On  the 
drav.lng  is  given  an  example  of  vacating  with  dispersed  chromium  one  of  tha  unsoldered 
experimental  tubes* 

In  these  investigations  at  iressurea  of  5*10*^  ^  P  ^  zzm  Hg  on  the  Cr 

samples  at  the  time  of  their  dispersion  by  electron  bombardment*  just  as  before 
were  observed  concentrations  of  filiform  and  chromium  oxide  crystallites  sim¬ 

ilar  to  them*  which  under  conditions  of  our  experiiraita  have  not  bean  destroyed 
under  the  effect  of  electron  bombardment  and  high  temperature* 

In  this  way*  the  observed  by  us  effect  of  "self-purification*  of  chromium  allows 
to  use  ordinary  oxygen  contaminated  Cr  for  the  obtaimaont  of  ultrahigh  vacuum,  (up  to 

-10  N 

P  ^ 5*10  zaa  Hg)  by  dispersing  sarae  with  electron  bombardments* 

In  conclusion  express  great  appreciation  to  member  correspondent  of  the  Acadeny 
of  Sciences  Ukr-SSR  0,Ya*Usikav  for  his  interest  in  the  experiment  and  for  valuable 
council* 

Idterature 

1*  G*S*Mikhaylcnrj  I.G*Pronina  j  0*M«  Akimovich;  G^I*B?esnyakova|  4-th  All  Union 
Conference  of  MV  end  SS0*SSSR  on  Radio  Electronics*  Theses  of  Reports  and  Announce 
rants*  24-29  October  i960*  Kharkov  p*82* Ukrainian  Physics  Journal  6*^0*3*1961* 

2*  H*  Huber ;  M*Varnecka*  Le  vide*  13®No*  74#84tl958 

Inst* of  Radiophysics  and  Electrical  Engineering  Submitted s  July  17#196l* 

at  Academy  of  Sciences  Ukx-SSR# 
city  of  Kharkov. 
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Certain  Characteristics  of  Partial  Adsorption  of  Components  of  Beaidual 
Gases  at  Very  High  Vacuum#  II  • 

*ar 

Yu#G*Ptushinskiyj  B.O#Chaykonr 

It  in  known*  that  gas  adsorption  processes*  of  gases  which  remain  ordinarily 
in  electrovacuuia  de/ices*  do  really  affect  the  vacuum  conditions  in  the  instruments 
as  well  as  the  properties  of  its  (their)  basic  elements*  particularly  the  cathode* 

This  investigation  of  adsorption  of  components  of  residual  gases  appears  to  be  Tery 
important  in  connection  with  problems  of  vacuum  technique  and  cathode  electronics* 
Ibrticular  actuality  have  similar  investigations  attained  recently  in  connection  with 
broader  introduction  of  ultrahigh  vacuum  technique  into  practice  of  research  labs* 

The  most  widely  used,  method  of  investigating  the  kinetics  of  gps  adsorption  is 
the  so-called  flash  method the  nature  of  which  is  based  on  the  registration  of 
pressure  rise*caused  by  rapid  heating  of  the  investigated  surface  to  high  temperature 
and  the  promoted  by  it  desorption  of  all  adsorbed  gas  molecules* 

It  appears  to  be  advisable  to  unite  this  method  of  investigating  adsorption  process 
sea  with  the  mass-spectrometry  method#  It  is  apparent  that  the  use  of  the  flash  met¬ 
hod  in  such  a  mass-speetr  ana  trie  variant  will  allow  to  investigate  simultaneously 
the  adsorption  of  all  components  of  natural  and  artificial  mixture  of  residual  gases* 
to  investigate  their  mutual  effect  and  in  this  way  obtain  a  greater  number  of 

different  data# 

The  first  announcements  on  certain  results  of  applying  the  flash  method  in  mass 
spectrcmeferic  variant  for  the  purpose  of  investigating  adsorption  of  components  of 
a  natural  mixture  of  residual  gases  on  tungsten  have  been  published  ear  lie  r  ^2 J  In  the 
gi'vca  report*  which  is  a  continuation  of  [2^  are  given  new  data  on  the  kinetic*  of 
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adsorption  of  ccupoaenta  of  residual  gao«a  aa  vail  a  a  data  on  temperature  atabHitjr 
of  eonponaxts  of  residual  gas  film  adsorbed  on  the  surface  of  tungsten* 

Method 

▲  maaa~apoctrom0tar  of  sectorial  type  with  a  60°  angle  of  rotation  of  tbs  baas 
of  ions  MB  used.  It  had  a  oenaiti-rlty  of  10”1?  a/nm  with  glass  tubs  analyser  intended 
for  investigations  in  conditions  of  ultra  high  vacuum^)]}.  The  exhaustion  (vacating) 
of  tubes  vas  dona,  as  tiiually,  with  repeated  rotation  (alternation)  of  heating  tha 
glass  and  internal  component  a.  After  the  vaoatirg  job  was  completed  the  tube  ms  iso- 
la  tod  from  the  vacuum  system  with  th  *id  of  a  tin  shutter.  The  pressure  of  residual 
gases  in  the  tubs  is  ordinarily  kept  at  a  level  of  2«10"°  nn  Hg.  It  Me  aemstimsa 
neeesaary  to  enrich  tbe  mixture  of  residual  gases  with  sane  kind  of  oanponsnt.Tar 
this  purpose  sources  of  suitable  gases  have  been  placed  in  tha  tube* 

Measurement  results 

The  characteristic  of  adaorbability  of  any  given  component  of  residual  gases  can 

be  the  relative  rise  in  partial  press-are  at  a  flash  to  background  pressure 

AJk 

or  equal  to  its  ratio  la  (4  la  end  -  increment  in  ion  stream  during  the  flash 
ami  background  ion  stream  of  given  component  respectively).  In  fig.l*  are  given  de- 
pendeoca  curves  tar  m  *  2  C%).  a  ■  l6  (Cffy)  and  m  ■  28  (OOHJj)  from-  tha  time 
of  adsorption  at  room  temperature.  The  proper  curves  for  inert  gases  Ha  and  iff  fused 
with  the  axis  of  th«  abucluana.  from  analysis  of  fig.l.  is  evident  that  the  ad'erh— 
ability  of  ctmponcnts  of  residual  oases  allows  to  divide  them  into  three  groups* 


r.3  ?AG3  :-a  POR  PIGURB  1 


•  •?:  .3  oj  "la" “*  upca  tin#  of  idoorptlcm 


r. 


The  first  group  Includes  hydrogen*  nitrogen  and  oarboa  oxide,  which  adsorbs  aost 

actively)  group  two  -  met  bane,  which  adsorbs  mch  poorer)  the  third  group  •  inert  gn» 

ees#which  practise lly  do  not  adsorb*  According  to  data  in  fig*l,  it  is  possible  to 

estimate  the  relationship  between  the  probabilities  of  adhesion  of  various  components* 

Especially,  the  probability  of  adhesion  of  molecules  appears  approximately  25  times 

less  than  the  probability  of  adherehee  of  CO  or  Ife  molecules# 

In  this  way,  evaluating  the  possible  effect  of  atmosphere  of  residual  gases  on 

the  properties  of  investigated  surfacea,  it  is  insufficient  to  know  their  total 

(absolute)  pressure  or  even  partial  pressure  of  component  a,  but  it  ia  necessary  to 

consider  the  adsorbability  of  these  component  a*  which,  aa  we  have  seen,  can  be  substan- 

tially  different.  For  example,  for  a  typical  mlxtura  of  residual  gasea  at  a  total  pressure 
-8 

of  the  order  of  10  mm  Hg  the  rate  of  adsorption  on  the  surface  of  tungsten  will  be 
the  same  aa  tha  rate  of  adsorption  of  aa  imaginary  gaa  with  a  100%  probability  cf  adhesion 
at  a  pressure  of  the  order  of  10*^-®  xra  Hg# 

Components  of  residual  gases  adsorb  parallel  end  are  basis* lly  independent  tram 
each  other  with  respect  to  their  partial  pressures,  probability  of  adhesion  and  total 
degree  of  surface  filling.  Only  when  working  with  mixture  artificially  enriched  with 
hydrogen  and  carbon  ax  ids,  did  we  observe  certain  signs  of  slight  expulsion  of  hydro¬ 
gen  from  the  tungsten  surface  by  carbon  oodde* 

To  explain  the  effect  of  liner  temperature  on  the  adsorption  of  components  of 
residual  gases  experiments  will  be  carried  cut  at  various  temperatures  of  the  tungsten 
band,  temperatures  exceeding  300°K*  After  high  temperature  cleaning  of  the  band  its 
temperature  was  reduced  to  necessary  and  a  tab  mini  Mi  < MMMM  was  made#  Then*  aa 
usually,  having  made  the  flash  the  value was  measured.  Results  a t  these  measure 
manta  for  m  *  2,12,  14,  15,  16  and  28  are  given  in  fig.2,As  is  evident  from  the  draw¬ 
ing,  ^  is  characterized  by  stability,  different  for  various  components,  temperature 
zones  and  then  by  a  gradual  drop  to  zero,  which  naturally  is  explained  by  evapors- 


FTD-Tr-(3~SE/1*2 
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tion*  For  curvea*  which  correspond  to  a  *  15  and  16  stability  la  preserved  approximately 
to  400%*  which  is*  apparently t  an  indication  of  the  fact*  that  aa thane  is  retained  fully 
on  the  surface  of  tungsten  until  it  becomes  red  hot  at  that  temperature* 

Al'\ 


Fig.2*Effect  of  liner  temperature  on  the  adsorption  of  residual 
gas  components* 

o 

n 

e 

Hydrogen  (■  ■  2)  is  retained  fully  up  to  a  temperature  T^L  carbon  oxide  and 

nitrogen  (bf28)  -  T  ^  700%,  It  isnecesaary  to  keep  in  mind*  that  the  boundary  tem¬ 
perature*  at  which*  e*g*  hydrogen  is  still  fully  retained  on  the  surface,  depends 

W«y 

upon  the  amount  of  adsorbed  hydrogen;  in  our  instance  the  /  of  adsorbed  hydrogen 

is  thinner  than  the  moncnolecular.  Among  other  things,  the  identical  nature  of  curve 
sloping  ^  I^( T)  for  zn  3  12*14  and  28  indicates*  that  the  curve  which  corresponds  to  m  *  28 
belongs  to  a  CO  and  mixture* 

Practically  total  evaporation  of  methane  from  the  surface  of  tungsten  takes  place 
at  T  ^  600%*  hydrogen  -  at  T  s>  800%*  carbon  oxide  and  nitrogen  -  at  T  )  1500%* 
Somewhat  unusual  here  is  the  behavior  of  curve  for  m  *  l6e  on  one  hand  it  slo 
ping  begins  at  400%*  which  is  characteristic  for  aettMN|  M  tfte  ether  head  • 
it  drops  to  zero  only  at  T  ~  1400%,  which  is  character  is  tie  of  oar  bon  oxide*  9och 
behavior  of  the  curve  for  m  =  l6  is  explained  by  the  fact*  that  it  be* 

longs  to  the  CH^  and  0  mixture  which  is  a  fragment  of  CO* 

In  this  way*  aa  is  evident  fra*  the  listed  data, far  total  rectification  of  tung- 
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sten  surface  la  conditions  of  ultrahlgh  vacuum  ia  necessary  that  aame  ba  baa  tad  to  a 
temperature  T  1500%  (at  gives  typical  composition  of  raaldual  gas  mixture)*  It  ia 
also  especially  evident  frcm  these  data  that  by  maintaining  a  tungsten  surface  temper¬ 
ature  of  tbs  order  of  700%  it  is  possible  to  do  away  with  the  presence  on  it  of  methane 
and  hydrogen  and  to  investigate  the  adsorption  of  CO  and  Hj. 

In  conclusion  the  authors  wish  to  express  thanks  to  member  correspondent  of  the 
Academy  of  Sciences  Ukx-SSR  N.D.Margulia  for  constant  attention  in  the  experiment  and 
far  councils* 
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Effect  of  Electrostatic  Instabilities  on  the  Function  of  Distribution 
of  tbs  Bean, which  Reacts  with  Plasm  in  Magnetic  Field 

*7 


V.D*  Shapiro  and  T*I*  Shevchenko 

Instabilities  originating  during  beam/ plasma  reaction  in  the  magnetic  field* have 
been  quite  thoroughly  investigated  in  linear  approximation  |l*  2^]  * 

With  the  rise  in  amplitude  of  oscillations*  excited  by  the  beam  their  effect  on 
beam  and  plasma  may  become  quite  recurring* thus  leading  to  a  slow  change  in  tin*  of 
directed  rate  of  the  beam  and  thermal  energy  of  the  beam  and  plasma*  Equations* deters 
mining  change  in  function  of  beam  or  plasma  distribution  as  result  of  interaction  with 
oscillations  in  the  absence  of  a  magnetic  field*  were  d  rived  Below  this  sat— 

hod  is  applied  to  the  case  of  plasma*  which  is  in  a  magnetic  field* 

We  will  write  tha  function  of  electron  beam  distribution  and  plasma  distribution 
in  the  presence  of  oscillations  in  fora  oft  f  3  f0(*tf)  ♦  fi(t*r.v)*  where  fD 
characterizes  the  •background*  at  which  oscillation a  are  developing*  and  describee 
oscillations  of  beam  or  plasma  (Averagings  are  made  with  respect  to  distance  a*  great 
in  comparison  with  the  duration  of  the  oscillations  period  and  by  time  intervals  lar<je 
in  comparison  with  the  period  of  oscillations).  Equations  for  fQ  can  be  obtained 


by  averaging  the  kinetic  equation  without  the 


«  -  -  f-il «  -i  <  X  &  >  -  -i  <» ^  >  -  a 

“  “  «  *  *•  “  dv 


integral  of  twin  collisions! 

(i) 


Integral  of  collisions  in  (l)  was  emitted  .since  quite  rapid  processes  are  being  ob« 
serves \  within  which  there  is  a  substantial  change  in  ^  ^  • 

frequency  of  collisions)*  The  obtained  formulas  will  be  valid  at  t 

For  further  consideration  are  important  such  two  assumptions!  plasma  oscillations 
are  considered  linear  and  the  function  of  distribution  tQ  changes  with  time  slowly 
in  comparison  with  plasm  oscillations* 
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Zb  this  report  la  diacueaed  •  ease*vhere  plasma  oscillations  art  longitudinal 


and  axlally-ayiaaitriaal  1b  plans*perpendleulst  to  tha  magnetic  field* 
Haring  written  fj  aad  X|  in  form,  of  « 

-  --  r 

('•*>*  4  +«.«.  : 


p.- 2  * 

* 


+  K-C. 


(2) 


and  utilizing  far  tha  connection  with  3^*  the  formula  of  linear  theory 

f‘-;k etp  iin  ®>  [I  /S5  <u  *  £ + 

1  ^  J |a-l)« 


(3) 


„  kH.  , 

co*e~rzr: 

"”»  Aid 

(coj^  la  designated  by  dispersion  interrelation  of  linear  theory*)  we  eMail  from  (1) 
such  equations  for  fQi 


if.  ±f  dM 

dt  dvi  \*rt  do*/  ' 


(4) 


a  ^  -  tensor  of  diffusion  eoeffioienta  in  spaee  of  velocities  in  the  presence  of 
a  magnetic  field* 

In  cane  of  instabilities*  due  to  the  VeviloT-Cher endear  effect  or  to  the  anoaaslaus 


Doppler  effect*  the  tenser  OC  has  tha  fora  of i 
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In  (4)  integrations  by  ere  carried  out  in  the  zona  0.  -  square  at 

amplitude  of  electric  field  of  plasma  oscillations  with  a  certain  kt 


U 


/ 


dt 


In  case  of  a  Vavi lor* Cher enkcrr  or  anomalous  Doppler  effects  the  proton  will  bo 
irradiated  under  an  acute  angle  in  direction  of  motion  of  the  particle  and  for  the 
growing  with  time  oscillations  the  projection  of  phase  Telocity  in  direction  of  wot*on 

of  the  beam  will  alveyL  be  positive,  and  it  is  evident  herefren*  that  in  case  of 

*r 

instabilities  due  tc  the  Vavilov- Cherenkov  and  anctnalcxis  Dopplor  effects  Co-+  »  - 
^K— v  for  each  type  of  instability,  and  that  is  exactly  what  we  utilized  in  the  deri~ 
ration  of  (4)* 

In  this  report  are  considered  changes  in  temperature  and  rectified  velocity 
■nearly  mermen  or  ge  tic  1  of  the  electron  baam*  which  reacts  with  electron  plasma  in 
the  magnetic  field. 


Considering  as  realized  the  conditions 

^  vt,  ,  Rivri 
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h_  1 , 
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&  K 
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(5) 


H 


(vm  ,Tm  )-  thermal  velocities  of  the  beam  through  length  and  breadth  of  the  magnetic 
Al  Ai 

field}  u  -  directed  velocity)twe  will  obtain*  by  solving  equation  (4)»&uch  formulas 
for  longitudinal  and  lateral  temperatures  and  directed  velocity  of  the  beam* 
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Considering,  that  tbs  amplitudes  of  fields  sad  plasma  at  t  ■  0  is  esse  of  longitu¬ 
dinal  oscillations [6 j  have  the  nature  of  thermal  fine tua tic 


J  . 

'<^-7+^5 


(k»”w)’  6a/ 


and  calculating  tbs  integrals  in  (6)  by  the  transformation  method,  we  will  obtain  for 
sufficiently  rarefied  plasma  (Gj^  ^  omega,.  omega  “iT^^^e?) , 

(AD-  j'l  M?i 

r,  12k  sy  t 

^  ^ «.  ‘AUl .  17) 

T,  »hN,  T,  T.  • 

In  cas  of  instability,  due  to  anomalous  Doppler  effect,and 

.<an» . 


“77"5  0  V.u*  t-  r,  mfi\N,)  *  T . 


T. 


|mu»*|  >(A0|  <7'> 

in  case  of  instability*  dua  to  VaTilcrr-Chorenicor  effect.  In  fornulaa  (7)  and  (71) 

*  one gat*  *  lngert  o<u(8).»»»gaga  86  •  Hr  density  plasm  »  ^  density  of 

beam,  s0#  dariration  of  these  fonalii  it  vaa  aaaunad  -that  1 

and  ^1.  In  addition,  they  are  valid  for  1 4  t^,  whara  tft  -  tins, within  which 
one  of  the  conditions  (5)  or  condition  Su^  u  is  disrupted* 

Solution  of  equation  (4),  derivation  of  formula  (7)  nod  (7')»  as  wall  as  examina¬ 
tion  of  instability,  due  to  normal  Doppler  effects,  which  originates  during  the  reaction, 
with  plasma  of  a  beam  of  excited  oscillators,  will  be  discus eed  in  a  special  report* 
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